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Transmission method 

field of the invention 

The invention relates to a transmission method in a radio system. 
The invention relates particularly to a transmission method using more than 
5 one antenna both in the transmitter and in the receiver and using transmit di- 
versity. 

BACKGROUND OF THE INVENTION 

In telecommunication, the transmission path used to relay signals is 
known to cause interference to the telecommunication. This occurs regardless 

10 of the physical fomi of the transmission path, whether it is e.g. a radio link, an 
optical fibre or a copper cable. Particularly in radio communicatton, situations 
often arise wherein the quality of the transmission path varies from one data 
link to another and during the link. too. 

Fading is a typical phenomenon on the radio path, causing changes 

15 to the transmission channel. Other simultaneous links may also cause interfer- 
ence, which may vary as a function of time and place. 

A solution to the problem is the use of diversity in the transmitter. 
Temporal diversity uses interieaving and coding, which achieve temporal di- 
versity in the signal to be transmitted. However, the disadvantage here is that 

20 delays are created in the transmission, especially when the channel is slowly 
fading. In frequency diversity, in turn, the signal is transmitted simultaneously 
at several frequencies. However, this is an ineffective method when the chan- 
nel has a wide coherence bandwidth. 

Antenna diversity uses more than one antenna in signal transmis- 

25 sion and/or reception. In this case, the signal components that multipath 
propagated through different channels are not likely to be disturbed by a simul- 
taneous fading. In receive diversity, two or more antennas having a different 
location or polarization are used to receive a transmitted signal. A disadvan- 
tage in receive diversity is that the use of two antennas is difficult to implement 

30 in a small-sized terminal. In transmit diversity, the same signal is transmitted to 
the receiver using two or more different antennas. Transmit diversity is more 
easily applicable in downlink in mobile telephone systems than is receive di- 
versity, since it is easier to provide a base station than a terminal with more 
than one antenna. 
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Another way to use several antennas is the MIMO method (multiple 
input, multiple output). MIMO is described in detail In the publication G. J. Fo- 
schini. 'Layered Space-Time Architecture for \Mreless Communication in a 
Fading Environment When using Multi-Element Antennas', Bell Labs Technical 
5 Joumal, Autumn 1996, which is incorporated herein by reference. MIMO can 
achieve good performance, but it is subject to the signals transmitted and re- 
ceived via different antennas propagating via different channels. In other 
words, the channels should not correlate much with each other. 

The aim in telecommunication is not only to transmit a signal as 
10 faultlessly as possible but also to transfer infomnation as efficiently as possible. 
Herein, efficiency means that the aim is to utilize the capacity of the transmis- 
sion channel as efficiently as possible in data transmission. The transmission 
rates to be achieved in planning cellular radio systems are particularly interest- 
ing. 

15 Conventionally, the use of diversity and an increase in transmission 

rate have been mutually exclusive alternatives. 

BRIEF DESCRIPTION OF THE INVENTION 

The object of the invention is to provide a method and an apparatus 
for implementing the method, using transmit diversity to achieve a high trans- 
20 mission rate and good resistance to interference. 

This is achieved by a transmission method wherein channel sym- 
bols composed of complex modulation symbols are transmitted via two trans- 
mit antenna pattems by using orthogonally distributed channel resources. In 
the method of the invention, a channel symbol to be transmitted using at least 
25 one antenna pattern during at least one channel resource unit is a linear com- 
bination of at least three modulation symbols, and more than T complex modu- 
lation symbols are transmitted during T symbol periods, wherein T is at least 2. 

The invention also relates to a transmission method wherein chan- 
nel symbols composed of complex modulation symbols are transmitted via at 
least three transmit antenna pattems by using orthogonally distributed channel 
resources. In the method of the invention, a symbol to be transmitted using at 
least one antenna pattern during at least one channel resource unit is a linear 
combination of more than T modulation symbols, wherein T is at least 2. and at 
least 2T complex modulation symbols are transmitted during T channel re- 
source units via more than two transmit antenna pattems. 

The invention also relates to a transmitter comprising antenna 
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means for achieving two transmit antenna patterns for the transmission of a 
signal, means for receiving complex channel symbols at its input, means for 
coding the complex channel symbols by using orthogonally distributed channel 
resources into channel symbols such that a channel symbol to be transmitted 
5 using at least one antenna pattem during at least one channel resource unit is 
a linear combination of at least three modulation symbols, and means for 
transmitting more than T complex modulation symbols during T channel re- 
source units, wherein T is at least 2. 

The invention also relates to a transmitter comprising antenna 

10 means for achieving at least three transmit antenna patterns for the transmis- 
sion of a signal, means for receiving complex channel symbols at its input, 
means for coding the complex channel symbols by using orthogonally distrib- 
uted channel resources into channel symt>ols such that a channel symbol to be 
transmitted using at least one antenna pattem during at least one channel re- 

15 source unit is a linear combination of more than T modulation symbols, 
wherein T is at least 2, and means for transmitting at least 2T complex modula- 
tion symbols during T channel resource units via more than two transmit an- 
tenna patterns. 

The preferred embodiments of the invention are disclosed in the 
20 dependent claims. 

The invention utilizes diversity transforms in connection with a 
MIMO transmission. The use of diversity transforms on overlapping diversity 
channels with a non-singular correlation matrix achieves equally high transfer 
rates as previous MIMO methods, but with improved performance in terms of 
25 interference. 

In solutions according to the preferred embodiments of the inven- 
tion, each symbol to be transmitted is sent via more than one antenna as 
transmit sequences using a given transmit diversity. The transmit sequences 
are sent simultaneously at most partly orthogonal. Partly overiapping transmit 
30 sequences can be added together such that, in reception, the matched filter 
conrelation matrix is full rank, and the determinant of the matched filter output 
matrix is maximized. 

In solutions according to the prefen-ed embodiments of the inven- 
tion, complex diversity transform is used to replace at least part of the symbol 
35 sequences with super symbol sequences, which tolerate fading and interfer- 
ence on the transmission path. 
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Transmit diversity Is preferably acliieved by using space-time block 

coding. 

The invention is preferably utilized for instance in radio systems be- 
tween two transceivers, such as a base station and a tenninai. The radio sys- 
5 tem may be a WCDMA system, for example. 

BRIEF DESCRIPTION OF THE FIGURES 

In the following, the invention will be descrit)ed in detail in connec- 
tion with preferred emt)odiments with reference to the accompanying drawings, 
in which 

10 Figure 1 illustrates the structure of a telecommunications used as an 

example. 

Figure 2 illustrates more exactly the structure of a telecommunica- 
tions used as an example, and 

Figure 3 shows a transmitter of a preferred embodiment of the in- 
15 vention and a receiver suitable for receiving a signal transmitted by the trans- 
mitter. 

DESCRIPTION OF THE PREFERRED Eiy/IBODIMENTS 

The structure of the UMTS mobile telephone system, used as an 
example of a system in which the preferred embodiments of the invention are 
20 applicable, will be described by way of example with reference to Figure 1 . 

The main parts of a mobile telephone system are a core network 
CN, a UMTS terrestrial radio access network UTIRAN and user equipment UE. 
The interface between the core network CN and the radio access network UT- 
RAN is called lu. and the air interface between the UTRAN and the UE is 
25 called Uu. 

The user equipment UE Is composed of two parts: mobile equip- 
ment ME comprising a radio terminal used to establish a radio link over the in- 
terface Uu. The UMTS subscriber identity module USIM is a smart card com- 
prising data on the identity of the subscriber and typically perfomns identifica- 

30 tion algorithms, stores encryptton parameters and subscriber data. 

The UTRAN Is composed of radio networic subsystems RNS. An 
RNS is composed of a radio network controller RNC and one or more nodes B. 
In practice, node B refers to a base station. The radio network controller RNC 
manages radio resources by base stations connected thereto. 

35 The core networtc CN is composed of several parts. A home location 
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register HLR is a database in a subscriber's home system for maintaining a 
user service profile. The home location register also maintains data on user lo- 
cation with the accuracy of an MSG. A mobile services switching centre/visitor 
location register MSCA/LR is a switch (MSG) and a database (VLR) servicing 
5 the terminal equipment as regards circuit-switched (GS) services. The MSG 
switches circuit-switched services and the VLR maintains data on the user pro- 
file and location. A gateway MSG GMSC is in turn a switch connecting the 
UMTS to external services or networks. All circuit-switched connections are 
switched via the GMSG. The functionality of a serving GPRS (General Packet 

10 Radio Service) support node SGSN corresponds to the functionality of the 
MSGA/LR, but it forwards packet-switched (PS) connections. Gorrespondingly, 
a gateway GPRS support node GGSN corresponds functionally to the GMSG, 
but as regards packet-switched connections. External networks can be divided 
into two types: circuit-switched networks, such as existing telephone networks, 

15 and packet-switched networks, such as the Internet. 

The UTMS comprises several specified interfaces. A Cu interface is 
located between the smart card USIM and the mobile equipment ME. The Uu 
interface is located between the terminal equipment and the base station. The 
-Interface between the core network CN and the radio access network UTRAN 

20 is called lu. The interface between the radio network subsystems RNS is called 
lur. This enables sbft handovers between radio network controllers of different 
manufacturers. The interface between a radk> network controller RNG and a 
base station B is called lub. 

Figure 1 shows the structure on quite a general level, wherefore it 

25 will be illustrated in more detail in Figure 2 by means of an example of a cellu- 
lar radio system. Figure 2 only shows the essential blocks, but it is apparent to 
a person skilled in the art that a conventional cellular radio network also in- 
cludes a number of other functions and structures, which do not have to be 
described in more detail herein. It should also be noted that Figure 2 shows 

30 only an exemplary structure. The details of the systems according to the inven- 
tion may differ from those shown in Figure 2, but such differences are not of 
significance to the invention. 

Thus, a cellular radio network typically comprises a fixed network in- 
frastructure, i.e. a network part 200, and terminal equipments 202, which can 

35 be fixed, vehicle-mounted or portable terminals. The network part 200 includes 
base stations 204. A base station corresponds to node B shown in the previ- 
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ous figure. Several base stations 204 are controlled in a centralized manner by 
a radio network controller 206 communicating with them. A base station 204 
comprises transceivers 208 and a multiplexer unit 21 2. 

The base station 204 further comprises a control unit 210, which 
5 controls the operation of the transceivers 208 and the multiplexer 212. The 
multiplexer 212 is used to place the traffic and control channels used by sev- 
eral transceivers 208 to a common transmission link 214. The transmission link 
214 forms the lub interface. 

The transceivers 208 of the base station 204 communicate with an 

10 antenna unit 218, which implements a bi-directional radio connection 216 to 
the tenninal equipment 202. The stmcture of the frames to be transmitted over 
the bi-directional radio connection 216 is specified system-specifically, and it is 
referred to as an air interface Uu. In the preferred embodiments of the inven- 
tion, at least a part of a signal is transmitted by means of three or more trans- 

15 mit antennas or three or more beams provided by several transmit antennas. 

The radio network controller 206 comprises a group switching field 
220 and a control unit 222. The group switching field 220 is used to switch 
speech and data and to connect signalling circuits. A radio network subsystem 
232 fomned by the base station 204 and the radio network controller 206 also 

20 includes a transcoder 224. The transcoder 224 is usually located as close to 
the mobile services switching centre 228 as possible, since speech can thus 
be transmitted in the cellular network format between the transcoder 224 and 
the radio network controller 206, thus saving transmission capacity. 

The transcoder 224 transfonms the different digital speech coding 

25 formats used between a public switched telephone network and a mobile tele- 
phone network to be compatible with one another, e.g. from the fixed network 
format to some other format of a cellular radio network format, and vice versa. 
The control unit 222 performs call control, mobility management, gathering of 
statistical data and signalling. 

30 As is shown in Figure 2, the group switching field 220 is used to 

carry out switching both to a public switched telephone networi( (PSTN) 236 
via the mobile services switching centre 228 and a gateway MSC 230 and to a 
packet transmission network 242. 

The connection between the packet transmission networic 242 and 

35 the group switching field 220 is established by a SGSN (Serving GPRS Sup- 
port Node) 240. The function of the support node 240 is to transfer packets be- 
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tween the base station system and a GGSN (Gateway GPRS Support Node) 
244. and to keep record of the tenminal equipment's 202 location within its 
area. 

The gateway node 244 connects a public packet transmission net- 
5 work 246 with the packet transmission network 242. An Intemet protocol or an 
X.25 protocol can be used at the interface. The gateway node 244 encapsu- 
lates the inner stmcture of the packet transmission network 242 to conceal it 
from the public packet transmission network 246. and therefore the public 
packet transmission network 246 sees the packet transmission network 242 as 
10 a subnetwork, and the public packet transmission network can address pack- 
ets to and receive them from the terminal equipment 202 located in the net- 
work. 

The packet transmission network 242 is typically a private network 
employing an Intemet protocol and canying signalling and tunnelled user data. 

15 Below the Intemet protocol layer. t)oth the architecture and protocols of the 
network structure 242 may vary according to operator. The public packet 
transmission network 246 may be for example the global Intemet. 

Let us study a preferred embodiment of the invention, which uses 
two transmit antennas, two reception antennas and a double symbol rate com- 

20 pared with a situation wherein only one antenna would be used. 

In the solutions of the preferred embodiments of the invention, the 
transmission rate is increased by transmitting more symt)ols in symbol periods 
than in a transmission with one antenna. Simultaneously, transmit diversity is 
added to the transmission by transmitting each symbol via several antennas. 

25 For this reason, the transmission has to fc>e designed over several symbol peri- 
ods, frequency bands, spreading codes or frequency band Fourier modes (e.g. 
orthogonal frequency division multiplexing (OFDM) overtones), for example. 
Thus, the transmission uses orthogonally distributed channel resources. In the 
following, preferred embodiments will be described by way of example by us- 

30 ing transmission over several symbol periods. 

The symbols to be transferred are generated from bits or symbols 
produced by a potential channel coder and/or Interteaver. The channel code 
may be, for example, a convolution code, a block code, a turbo code, a low- 
density parity check code, a trellis code etc. If the output of the channel coder 

35 and/or interieaver is bit-form, symt)ols are generated from these in a modulator 
in known manners, e.g. QPSK, M-PSK (M>1). M-QAM (M>2). higher- 
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dimensional spherical modulations, frequency modulations, grid modulations 
(two or higher dimensional) or a combination of these. The modulator unit can 
be combined with the transmission method described herein, resulting in a 
space-time nnodulator. 
5 Each symbol to be transmitted Is thus transmitted as transmit se- 

quences via more than one antenna using a determined transmit diversity. The 
transmit diversity is preferably implemented using space-time block coding 
(STBC). in this case, the order of the transmit diversity is at least two. Let us 
assume that the symbols to be transmitted are grouped into blocks si and s2 
10 comprising two symbols, in the basic form, ST coding is defined by a 2x2 ma- 
trix: 



(si. s2) 



r si s2i 



wherein * denotes a complex conjugate. This matrix extends the coding over 
two symt)ol periods. 

15 The transmit diversity MIMO transmission of the invention is 

achieved as follows: The transmit sequences are transmitted simultaneously at 
most partly orthogonally, so that the transmission rate increases. In coding, 
overiap is achieved for the different transmit sequences. Overiapping transmit 
sequences can be added together such that in the receiver the matched filter 

20 correlation matrix is full rank and the detenminant of the matched filter output 
matrix is maximized. To obtain overiap, two sequences are added together. 
The mutual interference between the sequences to be added together (and at 
the same time, the capacity of the transmission path) can be affected by add- 
ing a phase shift to the addition, yielding the following code matrix: 

;][_- 

The phase shift can be interpreted as a choice of a basis for the 
transmission of symbols s3, s4 in the 2 x 2 matrix space of ST coding, which 
basis does not overiap with the basis used for coding symbols si. s2. 

Each row of this code matrix is transmitted from a given transmit an- 
30 tenna (or transmit antenna pattern) during two different sjmibol periods, and 
each column is transmitted as a given symbol period from two different trans- 
mit antennas (or transmit antenna patterns). These two symtral periods can be 
successive. In a preferred embodiment, the time between two symbol periods 
is shorter than the congelation time of the channel. Two transmit antenna pat- 
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terns can be generated by using known methods for two or more transmit an- 
tennas. These include for instance feedback information (fast or slow) transmit- 
ted by a receiver to a transmitter and usable in selecting the strongest beams 
and/or select the transmit beams (the phase shifts between transmit antenna 
5 routes) such that the transmit channels interfere strengthening each other, 
other beam formation t>ased for instance on measurements made by a base 
station; randomizing the sum channel of more than one transmit antenna by 
using random phase shifts in the sum channel; orthogonal transmit diversity; 
antenna hopping; delay diversity. 
10 When the signal is transmitted using the above code matrix, the 

form of the symbols received by the receiver is: 

r=:h '^-l=cr^" ^-1+ noise. 

The received symbols r are now a 2 x 2 matrix, with two columns 
corresponding to the two receive antennas and two rows corresponding to the 

15 two symbol periods the code covers. The channel matrix is also a 2 x 2 matrix, 
with two columns corresponding to transmit antenna routes from two transmit 
antenna pattems to two receive antenna patterns. The receive antenna pat- 
tems are either simply two receive antennas or they are generated from two or 
more receive antennas using known methods (e.g. beam formation; interfer- 

20 ence rejection combining). Herein, the channel matrix is presented as a single- 
path channel for the sake of simplicity. A multipath channel and the intersym- 
bol Interference possibly caused thereby can be processed with known meth- 
ods, such as a RAKE receiver, prefiKer and equalizer. 

In the above transmission method, symbol sequence s1, s2 is 

25 coded orthogonally, as is s3, s4. There exists unorthogonality between these 
sequences causing interference between the sequences. In a preferred enrv 
bodiment, the phase shift of the transmission method is selected so as to 
minimize the interference between the orthogonally coded symbol sequences 
s1, s2 and s3, s4. In addition, the symbol sequences are selected so as to be 

30 able to detect the symbols as faultlessly as possible in spite of the inference. 

Let us study the selection of the phase shift. As is common with ST 
block coding, the matched filter outputs can be specified by means of complex 
conjugate transposes of equivalent channel matrices and received symbol vec- 
tors. When several receive antennas are used, the total value for the matched 

35 filter output is obtained as the sum of the matched filter outputs of individual 
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antennas. In this connection, since there are two receive antennas, there are 
two equivalent channel matrices: 

L«12 -«IlJ L«22 -Oil] 

The matched filter outputs for symbols si and s2 are 



= (Pi + Pa) 



] 



(2) 



Herein. pi = |aii|^ + |a2i|^ is the sum of the channel powers from the 
first transmit antenna to both receive antennas. Correspondingly. P2 = |ai2p + 
|ot22p is the sum of the channels leaving the second transmit antenna. The cor- 
10 relation between the antennas is given by c = oii^n +^1*2 ^2 - 

When computing the matched filter output for symbols s3, s4, the 
phase shift has to be taken into account: 

[;:]="'"fe,]-'"UJ 

\s3l[p,+p,e-'^ cil-e-")] fsfl 



= (Pi + P2) 



(3) 



15 



(4) 



20 



25 



c 

The combination of the above formulas (2) and (3) yields the total 
matched filter output: 

y = M^"^*"^ J + noise, 

wherein the symbol-specific matched filter correlation matrix is: 
' P1+P2 0 Pt+p^e-'" c (!-«-"») 

I^SMFC^ 0 p,+p^ cd-e-'") p^+p^e-'" 

p,+p^e-"" c (l-e-'") p,+p^ 0 
cil-e-'n Pt+P.e-"' 0 P,-^P^ ^ 

The above-mentioned double diversity is visible in the above matrix 
in that the total power of the four channels Pi -•■ pa is on the diagonal of the ma- 
trix. In this matrix, the interference between the symbol sequences si , s2 and 
s3, s4 is visible in elements off the diagonal. 

The determinant of the above matrix is 
det [ MS^'=^ ] = 16 sin Ieo/2]* | aizaai - anaaa |^ (5) 
The determinant measures the relative power of the interference be- 
tween the symbol sequences si, s2 and s3. s4. In order to separate the sym- 
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bol sequences si. s2 and s3, s4 from each other, the matched filter conrelation 
matrix has to be full rank. This means that the above detemiinant has to be 
nonzero, i.e. the phase shift has to be 

5 In addition, in order for the mutual interference between the symbol 

sequences to be as low as possible, the phase shift has to be selected so that 
the determinant is maximized. Thus, 

This choice of transmission method maximizes the transmission rate 
10 and the related capacity. To utilize the transmit diversity added to the method, 
the symbol sequences have to be selected in a certain manner. 

Let us study a method by which the symbol sequences can be se- 
lected such that they can be detected as faultlessly as possible. In solutions 
according to the preferred embodiments of the invention, the symt>ol se- 
15 quences are replaced by complex diversity transform with super symtx}l se- 
quences that endure fading and interference on the transmission path and de- 
crease the effect of the mutual interference between the symbol sequences si , 
s2 and s3, s4 on the detection of these symbol sequences. 

The complex symt>ols are selected from a modulation alphabet A 
20 including a finite number of points. Detection error probability is measured by 
what is called a distance matrix, which is the Hemiitean square of the differ- 
ence matrix of the transmitted code matrix C(s1. s2. s3. s4) and a detected 
code matrix Ci(s1i, s2i. s3l, s4l) possibly including erroneous symbols: 
E = (C-Ci)" (C-Ci). 

25 If the difference between the transmitted symbols and the (possibly 

erroneous) detected symbols is denoted by 

el = si - sli; e2 = s2 - s2i: e3 = s3 - s3i; e4 = s4 - s4i, 
the distance matrix is of the form 

g_ ^a + b d' ' 

30 wherein a^el\^ -i\e2f -i\ e3 \^ -fj e4 is the summed up Euclidian distance of all 
possible symbol en-ors. and the change in the Euclidian distance due to inter- 
symbol interference is caused by the terms 
b =2Re(el*e3 - e2'e4) d =2{el'e4 + e2'e3). 

The space-time code error correction properties are largely speci- 
35 fied by the properties of the distance matrix. In order for the transmit diversity 
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to be useful, the degree of the distance matrix should be at least two. at all 
possible errors e occurring In the detection. Furthemiore. the detenminant of 
the distance matrix can be maximized. 

Let us study the degree of the distance matrix in some special 
5 cases. If the assumption is that no error occurs in the detection of symbols s2 
and s4, the interference term d = 0. and the determinant of the distance matrix 
is 

Det(E}=\eV -e3'\^ 

In order for the distance matrix to be of degree two. the determinant 
1 0 has to be nonzero. This means that, except for the sign, exactly the same error 
must not occur in the detection of symbols si and s3. On the other hand, if the 
assumption is that no error occurs in the detection of symbols s2 and s3. the 
interference term b = 0. and the detemilnant of the distance matrix is 

15 In order for the distance matrix to be of degree two, no such enor 

must occur in the detection of symbols s2 and s4 that the absolute values of 
the enx>rs are exactly the same. The same kinds of results are obtained in the 
study of combinations where si and s3 or s2 and s3 are erroriess. To avoid 
pathological cases, wherein the degree of the distance matrix is not two, the 

20 following requirements have to be met: 

- the same error, except for the sign, must not occur in the detection 
of symbols s1 and s3 

- the same error, except for the sign, must occur in the detection of 
symbols s2 and s4 

25 - no error having the same absolute value must occur in the detec- 

tion of symbols si and s4 

- no en-or having the same absolute value must occur in the detec- 
tion of symbols s2 and s3. 

There are many ways to select a symbol alphabet A having these 
30 properties. For example, the symbol sequences si. s2 and s3. s4 can be sent 
at different powers. In this case, the above pathological cases never occur in 
their detection. The symbol sequences si. s2 and s3. s4 can also be selected 
fifom disjoint subgroups A12 and A34 of alphabet A such that the subgroups 
A12 and A34 do not include points that have the same absolute value. A pref- 
35 erable way to implement this is to use complex diversity transform. 

Let us study complex diversity transfomn in a case when a number 
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of bits, dividable by two. Is transmitted in a symbol period, symbols si . s2. s3. 
s4 each containing the same number of bits. If for instance four bits are trans- 
mitted in a symbol period, si . s2 are taken from what is known as the QPSK 
alphabet, thus they are one of the numbers {1 +1,1 -1,-1 +i,-1-i}/>^. The symbol 
5 sequence s3, s4 is formed as a complex diversify transform from a second 
symbol sequence s3,S4, which is taken from the same alphabet as is si, s2. 

from the QPSK alphabet in the exemplary case. The complex diversity trans- 
form is preferably implemented by s3, s4 being a unitary (complex valued or- 
thogonal) linear combination of QPSK symbols 33,34 : 

[a=U- ;K] 

Herein, the sum of the squares of the absolute values of the com- 
plex numbers p.,v is one: + |v|^ = 1 . In order to avoid the above cases that 
are pathological to the detection, the diversity transform has to be selected 
such that the element off the diagonal v^. Similariy. y^tO must be true. This 

15 prevents both errors having the same absolute values and errors that are the 
same except for the sign. By this choice, the elements of the symbol sequence 
s3. s4 are linear combinations of two symbols, and the channel symbols to be 
transmitted are thus linear combinations of three symbols; for example, during 
the first symbol period, the channel symbol 

20 si •(■ s3 = si + M 53 ••■ V 54 

is transmitted from the first antenna. 

An optimal diversity transfomn can be selected so as to minimize the 
probability of erroneous reception. In an optimal diversity transform, not only 
conditions v^^O and but also ^ and/or v are selected so that their phases 

25 are nonzero. This directly minimizes the distance to pathological cases 
wherein the errors are the same except for the sign. If s1.s2. i3,54arB in the 

QPSK alphabet, an optimal diversity transfonn is obtained by selecting 

M = e"""" cos(9;r/50)«0.353 + 0.767 i 
y = e-"""«» sin(9;r/ 50) « 0.393 - 0.364 i. 

30 The above is a description of an optimal and implementation- 

optimal diversity transform when four bits are transmitted in a symbol interval. 
If more bits are transmitted, i.e. a higher modulation is used, then the optimal 
diversity transform is somewhat different. The essential features, i.e. non- 
diagonality and non-trivial phases d o not depend on the modulation. The inr>- 

35 plementation-optimal diversity w = 73/(16^^6^V2)(l+l/>^)« transform is the 
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same as the above-mentioned if quadrature-amplitude modulation is used, 
such as 16-QAM. 64-QAM. 256-QAM. 

If the 8-PSK alphabet is used, the optimal diversity transfomn can be 
expressed as follows: 

5 n = V3/(16-6*^)^ 1 + V3-2*>/2i) «0.632 (1 + 0.414 i) 

= 0.632 + 0.262 i 



V = V3/(16-6*a/2)(i + 1/V3)«0.632 (1+0.577 i) 
= 0.632 + 0.365 i 

10 

A sub-optimal transform is of the form 

H = V = ^« 0.653 + 0.271 i. 

Next, let us study generally the matched filtering to be perfonned in 
a receiver In preferred embodiments of the invention using an arbitrary number 

15 of transmit and receive antennas/antenna patterns. Let us study real valued 
matched filtering. Generally, signal coding in a transmitter is specified by a 
code matrix C, which llneariy codes a vector Sttiat is composed of 2K real 
symbols (comprising the real and Imaginary parts of K complex symbols). The 
code matrix C is a T x N matrix, wherein T is the number of symbol periods 

20 covered by the code matrix (or the number of frequency bands or spreading 
codes or orthogonal OFDM overtones), and N is the number of transmit an- 
tenna patterns. The channel matrix a representing the channel is a N x M ma- 
trix, and a received signal R is expressed as a T x M matrix, wherein M is the 
number of receive antenna patterns: 

25 A? = Ca + noise. 

Since C is linear for real symbols b, the received signal can be 
processed as a (r/W)x1 -vector R , which can be expressed in the fonm: 
R ~Hb* noise, 

wherein the equivalent channel matrix H is a TAf x 2K matrix, which is depend- 
30 ent on the structure of the code and on the channel. 

Matched filtering can now be performed using the complex conju- 
gate transpose of the estimated channel matrix H: 
j; =H"^ sM'^ib + noise. 

wherein the 2K x 2K matrix M"^ is a correlation matrix after the matched filter. 
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Different decoding methods have been developed for inverting the 
con-elation matrix. These methods include for Instance decorrelation and 
LMMSE (Linear minimum mean square enror) detection and iterative (absolute) 
interference cancellation. 

To determine performance, the properties of the matrix are studied. 
It can be shown that the capacity of a connection comprising N transmit and M 
receive antennas with the coding extending over T symlbol periods can gener- 
ally be obtained from the fonnula 



10 ^ . ±E(loii.{l,„^^H'Hfj 



Now. when we study more doseiy the presented determinant for- 
mula (5), we may state that In the case of two transmit and receive antennas 
the capacity is maximized when the interference between the symbol se- 

15 quences is minimized, I.e. if we take <o = cdopt = n. In this case the capacity is 
exactly the same as if Independent symbols were transmitted from each an- 
tenna at each point In time, such as In reference [J. Foschlni. above]. The 
transmit method of the Invention thus achieves the same capacity (and thus 
the same transmit rate) as an independent transmission, but due to the trans- 

20 mit diversity added to the transmission the number of errors in detection is 
smaller. In the light of the above equations, designing similar transmission 
methods for more than tvwo transmit and/or receive antennas is straightfonvard. 

Let us further study an example of applying the solution presented 
when more than two antennas are used. Let us write the basic matrix of ST 

25 coding as follows: 

When two antennas are used at the optimal phase shift w=p=180°, 
the code matrix C2 takes the form 

C2=A(s1.s2)+|^J ^1]a(s3.s4). (7) 

30 A code matrix derived from this can now be applied to four anten- 

nas: 
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C4 = A [C2 (si. s2, S3, s4), C2 (s5, s6. s7. s8 )] 

Ja (C2 (s9, s10. si 1. s12). C2 (s13. s14. s15. s16)]. 

This is a 4x4 matrix with 16 symbols, i.e. coding ratio is 16/4 = 4. C4 is thus 
obtained by taidng two pairs of C2 codes, each including different symbols. 
5 and embedding one pair in fomnuia 6 in place of the symbols and the other in 

place of the symbols in the matrix of formula (6) multiplied with matrix 

Altematively. one pair can be embedded in place of the symbols in the matrix 
of fonnula (6). the result being multiplied by an imaginary unit. The obtained 
4x4 matrices are added together. Altematively, the method can be applied for 

10 instance to 8 antennas, yielding an 8x8 matrix. Talce two pairs of C4 codes 
with different symbols, embed them in fomnuia 6 in place of the symbols, add 
the obtained matrices together and multiply one by an imaginary unit. This 
yields an eight transmit antenna code that reaches channel capacity. This it- 
erative procedure can be continued also for several transmit antennas. 

1 5 Let us study a transmitter 300 according to a prefenred embodiment 

of the invention and a receiver 310 suitable for receiving a signal transmitted 
by the transmitter. The transmitter comprises several antennas 302, which 
number two or more than two in the prefenred emt>odiments of the invention. 
The antennas can be implemented as individual antennas or as antenna ele- 

20 ment arrays or antenna arrays, as is apparent to a person skilled in the art. 
Several separate transmit pattems 320 are achieved with the antennas. Com- 
plex modulation symbols 318 anive as an input at the transmitter. The modula- 
tion symt)ols are first applied to transform means 304. in which the symbols 
are subjected to complex diversity transform, wherein the symbol sequences 

25 are replaced, using complex diversity tiransform, with super symbol sequences 
that endure fading and interference on the transmission path and that de- 
crease the effect of inter-symbol sequence interference on the detection of the 
symtx)! sequences. 

The symbols are then applied to a space-time block coder 306, 

30 wherein space-time block coding is performed. This achieves transmit diver- 
sity. The channel symbols thus obtained are applied to prior art radio fre- 
quency parts 308, wherein they are transferred to radio frequency and trans- 
mitted via the antennas 302 so as to achieve several transmit antenna pat- 
tems. The coding blocks 304, 306 can be preferably Implemented with one or 
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more processors and suitable software or separate components or ASIC cir- 
cuits. 

The transmitter is configured to transmit the symbols using or- 
thogonally distributed channel resources. This may involve for example trans- 
5 mission using several symbol periods, frequency bands, spreading code or 
frequency band Fourier mode (e.g. orthogonal frequence-division multiplexing 
(OFDM) overtones). 

The receiver 310 comprises several antennas 312, the prefened 
embodiments of the invention comprising two or more than two. As in the case 

10 of the transmitter, the antennas can be implemented as individual antennas or 
as antenna element arrays or antenna anays, as is apparent to a person 
skilled in the art. A signal received by the antennas 312 is applied to prior art 
radio frequency parts 314, wherein it is transformed to the intermediate fre- 
quency or baseband. From the radio frequency parts, the signal is applied to a 

15 decoding block 316. which can be preferably implemented as a decoder im- 
plementing a matched filter or other corresponding decoding algorithm. The 
decoder 316 can be preferably implemented with one or more processors and 
suitable software or separate components or ASIC circuits. 

Although the invention is described above with reference to the ex- 

20 ample according to the accompanying drawings, it is apparent that the inven- 
tion is not limited thereto, but can be modified in a variety of ways within the 
scope of the inventive idea disclosed in the attached claims. 
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CLAIMS 

1 . A transmission method, wherein 

channel symbols composed of complex modulation symbols are 
transmitted via two transmit antenna patterns (320) by using orthogonally dis- 
5 tributed channel resources, c h a r a c t e r i z e d in that 

a channel symbol to be transmitted using at least one antenna pat- 
tern (320) during at least one channel resource unit is a linear combination of 
at least three modulation symbols, and that 

more than T complex modulation symbols are transmitted during T 
10 symt)ol periods, wherein T is at least 2. 

2. A transmission method, wherein 

channel symbols composed of complex modulation symbols are 
transmitted via at least three transmit antenna patterns (320) by using or- 
thogonally distributed channel resources, characterized in that 

15 a symbol to be transmitted using at least one antenna pattern (320) 

during at least one channel resource unit is a linear combination of more than 
T modulation symbols, wherein T is at least 2. and that 

at least 2T complex modulation symbols are transmitted during T 
channel resource units via more than two transmit antenna patterns (320). 

20 3. A method as claimed in claim 1 or 2. characterized in that 

the complex modulation symbols are coded using space-time block coding. 

4. A method as claimed in claim 1 or 2. characterized in that 
the orthogonally distributed channel resources are symbol periods. 

5. A method as claimed in claim 1 or 2, characterized in that 
25 the orthogonally distributed channel resources are frequency bands. 

6. A method as claimed in claim 1 or 2. characterized in that 
the orthogonally distributed channel resources are spreading codes. 

7. A method as claimed in claim 1 or 2. characterized in that 
the orthogonally distributed channel resources are different frequency band 

30 Fourier modes. 

8. A method as claimed in claim 1. characterized in that 
more than two complex modulation symbols are transmitted during two chan- 
nel resource units and that each channel symbol to be transmitted is a linear 
combination of four modulation symbols. 

35 9. A method as claimed in daim 1 or 2. characterized in that 

at least two modulation symbols are coded orthogonally. 
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10. A method as claimed in claim 9, characterized in that 
the channel symbols are generated by summing up at least two orthogonally 
coded modulation symbol sequences with a partial phase difference. 

11. A method as claimed in claim 10, characterized in that 
5 the phase difference is 180**. 

12. A method as claimed in daim 10, characterized in that 
the phase difference is used in half of the channel resource units covered by 
the code. 

13. A method as claimed in claim 4. characterized in that a 
10 correlation time is estimated for the transmission channel used in the data 

transfer, and the time between two symbol periods is selected such that it is 
shorter than the correlation time estimated for the transmission channel. 

14. A method as claimed in claim 10, characterized in that 
the orthogonally coded modulation symbols are Subjected to diversity trans- 

1 5 form. 

15. A transmitter comprising 

antenna means (302) for achieving two transmit antenna patterns 
(320) for the transmission of a signal, 

means (304) for receiving complex channel symbols at its input. 
20 c h a r a c t e r i z e d in that the transmitter further comprises 

means (304. 306) for coding the complex channel symbols by using 
orthogonally distributed channel resources into channel symbols such that a 
channel symbol to be transmitted using at least one antenna pattern (320) dur- 
ing at least one channel resource unit is a linear combination of at least three 
25 modulation symbols, and 

means (306, 308) for transmitting more than T complex modulation 
symbols during T channel resource units, wherein T is at least 2. 

16. A transmitter comprising 

antenna means (302) for achieving at least three transmit antenna 
30 patterns (320) for the transmission of a signal. 

means (304) for receiving complex channel symbols at its input, 
characterized in that the transmitter further comprises 

means (304, 306) for coding the complex channel symbols by using 
orthogonally distributed channel resources into channel symbols such that a 
35 channel symbol to be transmitted using at least one antenna pattern (320) dur- 
ing at least one channel resource unit is a linear combination of more than T 
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modulation symbols, wherein T is at least 2, and 

means (306. 308) for transmitting at least 2T complex modulation 
symbols during T channel resource units via more than two transmit antenna 
pattems. 

5 17. A transmitter as claimed in claim 15 or 16, character- 

ized in that the transmitter comprises means (304) for subjecting the sym- 
bols to be transmitted to space-time block coding. 

18. A transmitter as claimed in daim 15. characterized in 
that the transmitter comprises means (304. 306) for coding the complex modu- 

10 lation symbols to channel symbols by symbol periods such that each channel 
symtxsl to be transmitted is a linear combination of four modulation symbols, 
and means (306, 308) for transmitting more than two complex modulation 
symbols during two channel resource units. 

19. A transmitter as claimed in claim 15 or 16. character- 
15 i z e d in that the transmitter comprises means (304, 306) for coding the com- 
plex modulation symbols by using different frequency bands. 

20. A transmitter as claimed in claim 15 or 16, character- 
ized in that the transmitter comprises means (304. 306) for coding the com- 
plex modulation symbols by using symbol periods^ 

20 21. A transmitter as claimed in daim 15 or 16, character- 

ized in that the transmitter comprises means (304. 306) for coding the com- 
plex modulation symbols by using different spreading codes. 

22. A transmitter as daimed in claim 15 or 16. character- 
ized in that the transmitter comprises means (304. 306) for coding the com- 

25 plex modulation symbols by using different frequency band Fourier modes. 
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